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ABSTRACT 
Оrganic field-effect transistors (OFET) can combine photodetection and light amplification and, for example, work as 
phototransistors. Such organic phototransistors can be used in light-controlled switches and amplifiers, detection circuits, 
and sensors of ultrasensitive images. In this work, we present photophysical characterization of well-defined ultrathin 
organic field-effect devices with a semiconductive channel based on Langmuir-Blodgett monolayer film. We observe 
clear generation of photocurrent under illumination with a modulated laser at 405 nm. The increase of photocurrent with 
the optical modulation frequency indicates the presence of defect states serving as traps for photogenerated carriers 
and/or the saturation of charge concentration in the thin active layer. We also propose a simple one-dimensional 
numerical model of a photosensitive OFET. The model is based on the Poisson, current continuity and drift-diffusion 
equations allows future evaluation of the photocurrent generation mechanism in the studied systems.  
 
Keywords: Field-effect transistors; organic semiconductor; photocurrent generation. 
 
1. INTRODUCTION 
Organic field-effect transistors (OFET) are an expanding research field that exploits the electronic functionalities of 
molecular systems to make them robust and cost-effective building blocks for future electronic devices. OFET basically 
can combine photodetection and light amplification, i.e. work as phototransistors1,2. Such organic phototransistors can be 
used in light-controlled switches and amplifiers, detection circuits, and sensors of ultrasensitive images. The strong 
optical absorption of organic semiconductors combined with powerful modern optical techniques offers a unique 
opportunity for developing ultrafast and energy efficient optical control of organic field-effect electronic devices.  
While the physics behind OFET performance ‘in the dark’ is well understood, little progress has been made in 
understanding light-sensitive transistors and their behaviour (e.g. the dynamics of photogenerated electron-hole pairs in 
the channel) under external illumination3. While there is a growing number of experimental studies using OFET 
configuration for light detection4–11, the understanding of the prototype phototransistor performance is typically limited 
by practical constraints including poorly defined transistor channel areas, different dynamics of electrons and holes and 
the spatial mismatch between charge generation and transport regions. One potential research direction which can 
overcome the abovementioned difficulties can be the development of OFETs with ultrathin photosensitive conductive 
channel. Using a few-nm-thick organic films allows confinement the charges in the channel and simplify the 
photophysics in the device. 
Here, we investigate well-defined self-assembled (SA) monolayer organic field-effect devices under continuous 
wave modulated illumination and present a corresponding drift-diffusion numerical model. Such devices combine good 
charge transport properties with a well-defined charge transport region, which can be accurately controlled by the choice 
of molecule and fabrication techniques. Importantly, in these ultra-thin devices light absorbs exactly in the conductive 
channel, and this makes SA monolayer electronics a unique testbed for optical switching. 
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Figure 1. shows the schematic to measure photocurrent generation in the device. The laser diode at 405 nm (CPS 405, 
Thorlabs) was focused on the sample area of around 0.5 mm2 and the power was reduced by neutral density filter. The 
laser light was modulated by the chopper (MC2000, Thorlabs), which was synchronized to the lock-in amplifier (LIA, 
SR 830, Stanford Research System) as the reference frequency. The sample was biased by an adjustable voltage and the 
influence of light on the sample was detected by the LIA.  
 
2. EXPERIMENTAL RESULTS 
2.1 Electrical characterization 
Fig 2.1 shows typical output and transfer I-V curves of a monolayer OFET. It demonstrates typical performance for p-
channel OFET. The saturated field-effect hole mobility was extracted from the transfer characteristics using Shockley’s 
gradual-channel model with a linear fit in the corresponding voltage range. The devices demonstrate small hysteresis, 
high long-term stability and on-off ration up to 105.14 
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Figure 2.1 Transfer (a) and output (b) characteristics of a monolayer LB OFET with 30 μm channel length. The estimated 
saturated hole mobility was found to be 1.1 × 10?3 cm2/(V s). 
 
2.2 Optoelectronic Characterization 
Figure 2. shows typical source-drain photocurrent in a 30μm-channel transistor as a function of optical modulation 
frequency at different illumination intensities. The response for this OFET appeared to be linear with light power 
indicating that saturation effects should not be important for device photophysics. The photoinduced current is steadily 
increasing with the modulation frequency pointing towards the presence of long-lived trapped charges. Interestingly, the 
traps have the dominant effect on the photogenerated carriers but not on the 'dark' carriers. This can be an indication that 
the trapped carriers are electrons, which are not injected into the transistor channel. 
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Figure 2.2 Optical modulation frequency dependence of source-drain photocurrent in a monolayer LB OFET with 30μm-channel 
length under different illumination conditions. 
 
Figure 2.3 presents frequency, bias and illumination dependences for the 200μm-channel transistor. The applied field has 
a minor effect on the device performance. However, the modulation frequency dependences at low illumination power 
are quite different from those for the transistor with the narrow channel (Fig. 2.2). This indicates that carrier extraction is 
highly inhomogeneous across the channel.  
 
Figure 2.3 Optical modulation frequency dependence of source-drain photocurrent in a monolayer LB OFET with 200 μm channel 
length under different biasing (left) and illumination (right) conditions. 
 
. 
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Source-drain current density is sum of electron and hole current densities and depends on drain and gate voltages Vd and 
Vg: 
 
 ),()()( gdnpd VVJxjxjJ =+=  (3) 
 
Table 1. Numerical values of input parameters in p-channel organic phototransistor model.  
Parameter Value 
Chanel length L 1 mkm 
Chanel thickness d 10 nm 
Transistor capacitance per area Сs 1.8·10
-4
 F/m
2
 
Temperature Т 300 К 
Band gap  Eg 1.05 eV 
Electron affinity  χ 4.0 eV 
Source work function Ф1 5.0 eV 
Drain work function Ф2 5.0 eV 
Dielectric constant ε 3.4  
Electron mobility  μn 10
-7
 m
2
/(V·s) 
Hole mobility  μp 10
-7
 m
2
/(V·s) 
Density of states  Nc,v 10
26
 m
-3
 
Doping Nd,a 0 m
-3
 
Charge photogeneration rate G 1030 m-3·s-1 
 
Numerical values of input parameters are typical for organic semiconductors. The dependences of photocurrent on Vd 
and Vg voltages for p-channel transistor were calculated. 
 
3.2 Modeling transistor with p channel  
Figure 3.2 shows calculated output and transfer characteristics in dark (G=0), under light and their difference 
(photocurrent).  
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Figure 3.2 Calculated output (a,c,e) and transfer (b,d,f) characteristics in dark (a,b), upon light (c,d) and their differences 
(photocurrent) (e,f) for p-channel transistor. 
 
The absolute value of photocurrent density |Jph| monotonously grows with |Vd| at Vd<0 and tends to zero at Vd>0. The 
dependence of the photocurrent density on Vg has maximum at 2 – 4 V, where the ratio of the photocurrent to the dark 
current is about 1010. Therefore, the photocurrent generation is more efficient in the saturated regime of the device. 
Moreover, for p-channel transistor, positive gate voltages are beneficial for efficient photocurrent generation. 
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3.3 Dependence of photocurrent on voltage 
To explain the behavior of photocurrent with Vg, band diagrams, charge carrier density distributions n(x) and p(x) in the 
channel, and their recombination rate R=α(np-n0p0) were calculated. Fig. 3 illustrates modeled band diagrams at three 
different Vg=–8, 2 and 20 V, and also recombination rate R in the transistor channel, normalized to generation rate G 
(which independent of x) at these three Vg. 
 
 
Figure 3.3 Band diagrams at Vd=-5 V and Vg=-8 V (a), Vg=2 V (b), Vg=20 V (c), distribution of normalized charge 
recombination rate in transistor channel R/G=α(np-n0p0)/G near drain electrode (at х=1000 nm) at different Vg (d). 
 
At Vg=–8 V, the energy levels have almost constant slope in whole channel length, which corresponds to almost constant 
electric field 107 V/m. Wherein the recombination rate is equal to the generation rate (R/G=1) almost throughout 
transistor channel, except of small area near the drain at x=1000 nm, where R/G decreases to 0.8. This means that value 
of electric field in channel is not enough for transport of photogenerated charges to electrodes. Almost all charges 
generated in the channel under light are lost due to recombination. Therefore, the photocurrent at Vg<0 tends to zero. 
In the point of maximal photocurrent, at Vg=2 V, a narrow region near the drain electrode is formed, where the energy 
levels have an order of magnitude higher slope then in other part of the channel. In this region, the electric field is about 
108 V/m. In this region of 50 nm width (950 < x < 1000 nm), the recombination rate R drops to zero so that  the 
generated there charge carriers reach electrodes and create photocurrent. Further increase of Vg leads to slight narrowing 
of this high-electric field area, at Vg=20 V the width of this area is about 25 nm. Therefore, the photocurrent slowly 
decreases with increasing Vg. 
4. CONCLUSIONS 
To summarize, we presented initial results on photophysical characterization and modeling of organic field-effect 
devices with a semiconductive channel based on a monolayer film. We observed efficient generation of photocurrent 
under illumination with a modulated laser at 405 nm. The increase of photocurrent with the optical modulation frequency 
indicates the presence of defect states serving as traps for photogenerated carriers, probably electrons, in the thin active 
layer. We also propose a simple one-dimensional numerical model of a photosensitive OFET. The model is based on the 
Poisson, current continuity and drift-diffusion equations and allows evaluation of the photocurrent generation mechanism 
in the studied systems. The model indicates that, in a p-channel device, the photocurrent is generated in a narrow region 
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of the transistor channel near the drain electrode. The more elaborate study connecting experimental finding with the 
developed model is currently under way. 
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